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(a) Cut angle definition
(a) Tensile strains S1 and S3 in L1-mode













Fig.2  Design parameter of vibrator.

















































o + Y'14o roation)
	0.797	-0.117	 -0.360	 0.036	-0.412	 0.067
	-0.117	1.808	 -1.424	-0.029	0.347	 0.007
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sE = 
(×10-11m2/N) 
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L i N b O 3の結合モードを利用した
超音波モータ用振動子の破壊限界測定＊
Fig.3  Elastic compliances sE35, sE15 and sE25 
           as functions of second rotation angle Φ. 
Fig.4  Piezoelectric constants e23, e21 and e25 
           as functions of second rotation angle Φ. 


































ら 162o付近で e21と e23が異符号となり歪み極性
と一致するために高い結合係数が得られる。


















sensor head:  
        LSV-065
controller  :
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    (φ0.68 mm)
 Preload
(2.2 ~ 2.4 N)
Internal spring
Probe-tip
Fig.7  Total displacement of  the upper mode. Fig.8  Total displacement of  the lower mode. 
Stress intensity :
Fig.6  Measured vibrator dimensions and 
the angles of the max. vibration direction. 
(a) Upper mode
(b) Lower mode
Fig.9  Analyzed results of internal stress and the experimental fracture patterns. 














































































(a) Tensile stress T3 in the upper mode.
(b) In-plane sher stress T5 in the upper mode.
(c) Tensile stress T3 in the lower mode.









Fig.10  Driving characteristics depend on 
vibrational velocity in the upper mode. 
Fig.13  Driving characteristics depend on 
vibrational velocity in the lower mode. 
Fig.11  Drivng freq. and velocity as functions 
of the input power in the upper mode. 
Fig.14  Drivng freq. and velocity as functions 
of the input power in the lower mode. 
Fig.12  Vertical and horizontal components of
vibrational velocity in the upper mode.
Fig.15  Vertical and horizontal components of
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